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ABSTRACT

Project Code: PDF/50/2540
Project Name: A Temporal Datahase Model with Fuzzy Knowledge of Time
Organization: Department of Computer Engineering, Mahanakorn University of Technology

e-mail: werasak@mut.ac th

Project Period: August 1, 1997 — July 31, 1999

Objective: This research has proposed a formal framework to incorporate fuzzy temporal
knowledge into a temporal database model. The major purpose of this research is to
extend the capability of the relational data model to be able to handle both temporal data
and fuzzy data. Such capability will help an expansion of database applications, and also
will increase the intelligence of information systems. The importance of the two features,
time and fuzziness, of dala has been widely recognized by researchers in the field of
databases for nearly two decades. The time dimension aliows temporal database systems
to handle historical data or time-varying data inherently. On the other hand, the fuzziness
aspect allows fuzzy databases to incorporate vague data.

Methodology: In our approach, the fuzzy set theory has been employed as a theoretical
tool to handle the fuzziness feature of data, and the discrete time model has been
assumed. The concept of a time interval in the traditional discrete time model has been
extended by representing it with three components, the staring time, the ending time and
the duration, each of which is modeled by a fuzzy number. Then, both unary and binary
temporal constructors, which are applied to one and two fuzzy time intervals respectively to
produce another interval, have been studied. It has been proven that mathematical
properties of the fuzzy time model have been satisfied. in addition, fuzzy temporal
relationships among events, which will be useful in specifying and evaluating queries, have
been defined and their characteristics have been investigated.

Based on the relational data model and the fuzzy discrete time mcdel above, we have
proposed a structure of a tuzzy temporal data model calted FuzzTime. A fuzzy temperal
relation in FuzzTime consists of two main parts — a group of temporal attributes and a group
of non-temporal attributes. The design of this structure and some constraints has been

accomphshed by an effort of conserving the importance concept of key in the traditional



data model. Moreover, time related operators for query evaluation of the model have been

proposed.

Research Result: Thearetical frameworks of a fuzzy time model and a temporal data
model with fuzzy knowledge of time have been proposed. These novel concepts and
techniques in databases allow the ability to represent and to manage both fuzzy temporal
data and fuzzy non-temporal data in a homogeneous framewaork.

Discussion and Conclusion: The proposed theoretical notion is to be used for managing
fuzzy and temporal data. The result can be a basis for further investigation and
development both in theory and in practice. For instance, a new query language and a
thecry of database design based on our model need to be introduced. In addition, novel
techniques proposed in this work can be employed in other areas such as geographic
information systems. In fact, there are plenty of rooms for further research in this direction.
Recommendation: The next step that can be carried out is to study a theory of query
languages and their evaluations such as an extension of the traditional relational algebra
and the study of complexity of the languages and the model. This will lead to an
implementation of a DBMS software prototype.

Keywords: Temporal Dala Model, Fuzzy Data Model, Fuzzy Time, Temporal Data, Fuzzy

Data
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Abstract

This paper presents a novel perspective
of Incorporating fuzziness and time 1n
databases. These two features are advanced
aspects of database applications and have been
researched in parallel for more than a decade. A
major aim of this work is to provide a
(mathematical) conceptual framework, based
on fuzzy set theory and the relational data
model, that allows the notions of both fuzziness
and time to be treated in the same model and
also provide researchers in both fields of fuzzy
databases and temporal databases to be aware
of an important problem that can arise from the
integration. In addition, a simple solution is
proposed for such a problem by using a logical
structure based on the relational data model to
represent metadata when both fuzziness and
time need to be handled.

1. Introduction

Fuzzy data are data whosec meanings are
imprecise, and temporal data are time values
that can be stamped to some other types of data
by some methods (mainly, tuple-timestamping
and atrribute-timestamping methods [6]).
Fuzziness and time are claimed to be two
important aspects of data to be represented in
databases [2,10]. However, the rcsearchers in
the fuzzy database community and in the
temporal database community have extended

traditional data modetls, especially the
rclational data mode!, to treat these two
features separately. Until recently, few

rescarchers have been integrating these two
aspects in a homogeneous framework |1.4].
Unfortunately, their proposed frameworks

focused only on structures and some operations
of a temporal module in stead of the data
model, and, thus, they did not handle an
important characteristic which always arises
from the integration. Such a characteristic is the
time-varying meanings of fuzzy data
represented in a temporal database. This
property is primarily a result of the fact that the
meanings of fuzzy data are context-dependent
and the context always change from time to
time. Hence, the meanings of fuzzy data are
time-varying. The lack of the capability to
model this notion can lead to serious problems
- the misinterpretation of fuzzy data and the
misinterpretation of query specifications.

In this paper, we propose a mathematical data
model to represent fuzzy data in a temporal
database, and also introduce a data structure
based on the relational data model to handle the
time-varying meaning of fuzzy data. This work
restricts the scope that temporal data
themselves are not fuzzy in order to pinpoint
the problem, and we also leave other parts of
the model as future work such as_operations
and data integrities. In section 2, we will
present the mathematical-oriented conceptual
model and discuss the problem by using simple
examples. Section 3 proposes a data structure
to handle metadata concerning the time-variant
property of fuzzy data. Finally, section 4
discusses some further research in this direction
and concludes this present work.

2. Mathematical Structure of Data Model
with Fuzziness and Time
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In our model, based on the concept of linguistic
variables [11}, we introduce the notion of an
extension of the traditional primitive relation
scheme which 1s the basic construct of a
relation scheme [8]. This extended structure
can be used as a basis to allow databases to be
able to represent both quantitative and
qualitative data in a unified framework.
Quantitatjve data are data values that can be
measured and expressed directly in a numerical
manner (e.g. age), but can be expressed by
linguistic words 1f fuzzy [3]. Qualitative data
are ones that can’t be achieved by such an
approach (e.g. color), and can also be imprecise
[5]. Most dpplications of database systems need
to handle these two kinds of data. Therefore,
our approach will emphasize on these two
types only.

Definition 2.1. 4 primitive relation scheme is a
six-tuple

(R. T, U G, M dom)

where R is a finite set of attribute names, T is a
Jamily of linguistic term sets, U is a set of basic
data domains, G is a syntactic rule and M is a
set of semuntic rules. A function dom
associates a basic data domain and its
corresponding term set with each attribute
name, i.e.

dom(A) =Uq Ty

where A e R is an attribute name, Uyg is a

basic domain of A and T4 € T is a term set
corresponding to Ug4.

The component M is an important concept that
makes the construct of the primitive relation
scheme in Definition 2.1 distinct from the
conventional definition. Since it is composed of
functions that associate data values which may
be fuzzy to their meanings which can be
expressed by fuzzy sets, it allows fuzzy data to
be represented in a relation. The semantic rules

in M can be classified into two main types due
to the different expression of the semantics of
quantitative and qualitative data. More
precisely, assume that M, be a semantic rule in
M and A be an attribute name with a
quantitative data domain, then

M, : dom(A) — [0,1]"*

In the other words, the meaning of a (fuzzy)
quantitative data value can be represented by a
fuzzy set which may be interpreted as a
possibility distribution over its basic data
domain f12].

Example. Let “Age” be an attribute name, U,
= {1, 2,..., 120} be its basic data domain, and
T, = {young, middle-age, old} be its term set.
Then, the domain of attribute “Age’ is
dom(Age) = U,, v T,

= {1, 2,..., 120, young, middle-age, old}

The semantic rule of “*Age" is defined as

MAgc: dom(Age) — [0,1]11.2. 120}

The term “middle-age™ can be interpreted as,
for example,

M,,. (middle-age) = f(x:25,35,50,60)
where (x:25,35,50,60) =
1 1f 35 < x < 50
0 ifx < 250orx > 60
(x-25/710 1f25 < x < 35

(60-x)/10 1f50 < x < 60

That is, M, (middle-age) = {0.1/26, 0.2/27,
0.3/28, ..., 0.2/58, 0.1/59}. If there is an
assertion “John is a middle-age man”, then this
can be expressed in terms of possibility
distribution as
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Age(John) Degree of Possibility
26 0.1
27 0.2
28 0.3
[{ 58 0.2
{ 59 0.1

Based on Definition 2.1, 1f an attribute name A
15 relevant to qualitative data, T, i1s an empty
set. In the other words, dom(A) = U, 15 the
domain of A. This 1s pnmarily due to the
naturc of iherent fuzziness of qualitative data
that always exists at the atomic value and can’t
be c¢xpressed directly in a numerical way.
Therefore. 1t requirez a slightly different
mcthodology to handle tuzzy qualitative data
from fuzzy quantitative data. That 1s to say, 1f
the domain of an attnbute A 1s a set of
quahitative data, then the semantic s a function

M, dom(A) — [0,!]”'\

and the degree of membership (or the
possibihity degree) 1s defined by the concept of
a weak similtanty relation

Sim o dom(A) x dom(A) —» [0.1]

Thus, the atomic value of an object’s attribute
ts interpreted in terms of a fuzzy set of its
similar This
interpretation indicates to what extent other
valuces can be considered as being able to
the specitficd value The other
alternative interpretation, based on  the
possibility theory |[12], 1s that each element in
the support of the fuzzy set may be the attribute
vilue of the object with the possibility degree
carresponding to its membership degree

vialues 1n the same domatn.

replace

he concept ot a weak similanty relation s
defined and employed in our approach, because
a simlanty relation has been argued by many

researchers that its transitivity property is not
suitable in many circumstances [9,13].
However, we contend that the property can’t be
ignore completely. For example, without that
property, one may have x =y and y = z, but x
does not necessanily equal to z  This 1s
counterintuitive. A weak similanty relation 1s
defined as follows:

Definition 2.2 Ler U be the universe of
discourse and Sim(U U) be a fuzzy binary
relation characterized by a membership
function pSimU x U — [01] Sim(U U) is
called a weak similarity relation on U/ if and
only if

1. pSim(uu) 1 (reflexitivity)

2. uSimfuu’) = uSim(u ' u) (symmetry), and
then

3. if minfuSim(uw’), pSimfu u’)) = 1,
USim(uu ') =1 (weak transitivity)

where v u' u' e U

Example. Let “Quality” be .n attribute of
employees, Ug {excellent, very good,
good, fair, poor} be its basic data domain, and
Touany, 7 {1} be its term set. Assume that My,
is  characterized by a predetined weak
similarny relation (see TABLI: 1). Then, for
example, the semantic the term “poor” can be

expressed by
M, a (poor) = {1/poor, 0 5/fair, 0.1/good}

xcellent | Very Good | Good | Faur | Poor
Fxcellent | 05 01 0 0
Very Good | 05 | 05 01 0
Good 0l 0s : 03 o1
Fair 0 0l 03 [ 05 |
Paor 0 i} 1 05 10

TABLE 1 A weak similanty relation.

The primitive relation scheme discussed so far
is concentrated only on fuzziness of data to be
handled. The following definiion will show
how the notion of temporal data can be built
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into its components R and U without any
change of its construct.

Definition 2.3 Let R = (A4 A2, ..., Ay} be a
set of attributes in the primitive relation
scheme of a relation r. and Ay and Age be
interpreted time attributes. For hoth Ay and
Ao, there is the corresponding domain Ut
which is a set of chronons, denoted by integers,
and a variable now, thar is, dom(Ayp) and
dom(Ae) are (0,1, 2, ... n, now} R, is said (o
be a relation scheme of a time-varymng  fuzzy
relation if .
- Re = Ru{ Ay Agel
and a time-varying fuzzy relation v is defined
as
ro UpxlUzx . xUyxUxU

where Uy iy the corresponding domain of 4 1

<7 =n
3. Structure of Metadata

The structure of extended relational data model
incorporating  both time and fuzzy data as
desenbed in the last section 1s not adequate
because of the lack of the capability to handle
the meaming of a fuzzy data value and its time-
varying  semantic. There needs to be a
construction for a metadatabase which can be
used to solved that deficiency.

Generally, meradara refers to data describing
other data such as the meaning, context,
orgamization, and the purposes of data.
Attnibute names, relational names and relation
simple metadata found in the
model and their information is

schema  are
conventional

heptin the caralog of the system Examples of

more complicated and nontnivial metadata are
constraints, mvahdity and completeness ot the
stored data | 7] A pnimary purpose of metadata
1 to provide the abihty 10 recognize the

intentions of users and to prevent users fror
misinterpretation of the answer of quenes. Th
structure proposed 1n this section is 1o be use
for modeling two main kinds of metadata - th
definitons of the meanings of fuzz
quantitative data and the similarity relations ¢
fuzzy quahtative data. These metadata are n«
static as they have to describe time-varyin
fuzzy data. Thercfore, both metadata and the
temporal aspect have to be modeled. and the
will be termed temporal metadata. The tert
meta-database will be used as a collection ¢
relations that represent metadata.

For quantitative data domains, a relation in th
meta-database that 1s used to model tempor:
metadata is designed to have the followmn
schema

MetaRel(Rel Name, Att_Name, Fuzzy Term
Definttion, T, T,)

where Rel Name takes its value from the set ¢
relation names and Att_Name from the set ¢
attribute  names. The domain of attribut
Fuzzy Term will be the set of hinguistic value
from the quantitative data domains which ar
used in thc databases. A value of attribut
Definition s taken from a set of trapezoid:
functions defined on the basic quantitative dat
domain. T, and T, are defined in the sam
manner as A, and A, mentioned in Definitio
23

The next type of metadata is the wea
similarity relations of basic gqualitative dat
domains. Tt 1s assumed that a domain has on!
one corresponding weak similarity relatior
There are two major kinds of weak similarit
relations in the context of time - one for value
used in the same period and the other for value
used in different periods. For the former, th
schema of a relation in the meta-database -
defined by

Sim_Name(Ele#1. Ele#2, Degree. T, T,)

288



where Sim_Name 1s a relation name
corresponding to the basic domain name, Ele#]
and Ele#2 are attributes taking velues from the
basic domain, Degree has a value in the unit
interval [0, 1] representing the degree of
similarity, and T, and T, are defined as
previously. Note that due to the symmetry
property of a weak similarity relation, viz
Ham(X, ¥) = Hem(Y, X), only one of them will be
represented. Finally, for the other type, the
schema of a relation in the meta-database is
defined by

Sim_Name(Ele#1, T,, T, ,
Degree)

Ele#2, T, T..,

where Sim_Name, Ele#1, Ele#2 and Degree are
defined as the former case, T,, and T,, represent
as time interval of Ele#l, and T, and T,
represent as time interval of Ele#2.

4. Discussion

In this paper, an extended structure of the
relational data model has been proposed in
order to incorporate both fuzziness and time in
a homogenous framework. In addition, the
concept of catalog has been expanded to model
the property of time-varying meaning of fuzzy
data. Theoretically, the justification of the
suitability of our model is that the fuzziness
aspect of both quantitative data and qualitative
data can be handled within the same notion,
and time can naturally be realized in the
proposed construct without any modification.
This work 1s emphasized on the structure of the
mode] only as it is an initial point of the
research 1n this direction. There are some
further works needed to be accomplished. For
example,

e it is possible and probably more realistic to
extend that time values themselves can be
fuzzy both in databases and in the meta-
database,

* any other kind of context such as individual
personal view of the semantics of fuzzy data

may be significant in some applications and,
therefore, needs to be handled in the meta-
database, and

e a query language which incorporates both
fuzziness and time has to be designed, as
well as algorithms of operations on both
fuzzy data and temporal data .
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